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Abstract

Quantification of plasma cell-free Epstein Barr virus DNA (cf EBV DNA) has been suggested as a promising liquid biopsy assay for
screening and early detection of nasopharyngeal carcinoma (NPC). However, the diagnostic value of this assay is currently not
known in the population of Vietnam, one of the countries which contributed the most to the NPC cases. Herein, we have
reported a highly sensitive quantitative polymerase chain reaction (QPCR)-based assay targeting cf EBV DNA for the detection of
NPC. A standard curve with linear regression, R> = 0.996 1 (range: 25-150 000 copies/mL) and a detection limit of 25 copies/mL
were obtained using an EBV standard panel provided by the Chinese University of Hong Kong. The clinical performance of this
assay was assessed using plasma samples obtained from 261 Vietnamese individuals. The optimized qPCR assay detected cf EBV
DNA in plasma with a sensitivity of 97.4% and a specificity of 98.2%. The absolute quantitative results of pretreatment cf EBY DNA
and patient overall clinical stages were statistically correlated (P <.05). In summary, the remarkably high sensitivity and specificity
of our optimized qPCR assay strongly supports the wide use of cf EBV DNA quantification as a routine noninvasive method in
early diagnosis and management of patients with NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is one of the malignancies
that closely associate with Epstein-Barr virus (EBV). 13 Inter-
estingly, NPC shares almost the same geographical and ethni-
cal distribution with the EBV infection.® In particular, NPC is
more prevalent in China and South-East Asian countries, with
an incidence rate of up to 35 cases per 100 000 persons in some
endemic areas.” According to GLOBOCAN statistics in 2018,
Vietnam was one of the countries which contributed the most to
the NPC cases with 6212 new cases coressponding to an Age-
Standardized Incidence Rate (ASR) = 5.7/100 000) and 4232
deaths (ASR =3.9/100,000). In addition to EBV infection, risk
factors for NPC may further include a family history of NPC,
prolonged consumption of salted fish in early life, drinking,
and smoking.®

Due to the fact that most patients with NPC present with
nonspecific symptoms that are easily mistaken for innocu-
ous problems such as headache, blocked ears, or a runny
nose, NPC is often diagnosed at late stages, leading to a 5-
year survival rate of merely 41%.” By contrast, the survival
rate could be increased up to 95% if the cancer is detected
at earlier stages.” Traditional diagnostic methods, such as
biopsy and nasoendoscopy, are either invasive or ineffective
for the early detection of NPC tumors in many circum-
stances.®'* Thus, a noninvasive method for early diagnosis
of NPC with high sensitivity is of critical need to improve
patient survival.

The quantification of plasma cell-free EBV DNA (cf EBV
DNA) has the potential to be a noninvasive method for early
detection of NPC in endemic areas.''™? Historically, the DNA,
RNA, and proteins of EBV were detected in cancer cells and
tissues from primary sites to various metastatic sites of most
patients with NPC.'*?* More recently, cf EBV DNA was suc-
cessfully detected in the plasma of patients with NPC by real-
time quantitative polymerase chain reaction (qPCR) assays,
the sensitivities of which vary from 31% to 97.1% in different
study cohorts.®!**32° However, the diagnostic performance
of the plasma cf EBV DNA quantification in detecting NPC
among Vietnamese population is not known. Although efforts
have been made on the detection of EBV DNA in nasophar-
yngeal biopsies or brush samples, there is a lack of systemic
research on establishing an optimal assay for the quantification
of plasma cf EBV DNA *"2®

Herein, we aimed to propose a highly sensitive qPCR assay
that measures cf EBV DNA in peripheral blood for the detec-
tion of NPC among Vietnamese patients. The sensitivity and
specificity of the optimized qPCR assay were evaluated using
plasma samples from 261 Vietnamese individuals.

Methods

Participants and Study Design

This cohort study involved 261 participants categorizing into 2
groups: NPC patient group (n = 152) and non-NPC individuals
(n = 109) as the control group. The patient group included
patients with NPC from 2 referral hospitals for cancer treat-
ment in Hanoi, Vietnam (108 Military Central Hospital and
Hanoi National Cancer Hospital K3). Inclusion criteria were:
(1) biopsy-proven NPC and (2) receiving primary treatment.
Participants who were diagnosed with squamous cell carci-
noma, non-NPC head and neck cancers, or stage [IVC NPC
were excluded from our study. A total of 109 healthy volun-
teers were recruited to serve as controls for patient group with
eligibility criteria such as (1) no risk factors for NPC (family
history of NPC, smoking, alcohol drinking, frequent consump-
tion of preserved or salted food) and (2) no occupational expo-
sure to dusk or hazardous chemicals. Healthy volunteers have
been followed up for at least 12 months after diagnosis. All
participants provided written consent prior to the workup and
were undergone endoscopic examination with or without
biopsy for clinical staging.

Data Collection

The demographic and clinical characteristics of the patients
were collected from medical records of the participants.
Patients’ data included age, gender, location, and tumor char-
acteristics (TNM staging, overall stages). Follow-up study on
the control group was conducted by tele-interviews on a
monthly basis.

Clinical Specimen Preparation

Peripheral blood (5 mL) was taken from each participant,
placed in an EDTA-treated tube, and centrifuged at 3214g for
10 minutes (Centrifuge 5810R; Eppendorf). The plasma was
then carefully transferred into 1.5-mL microtubes. The
obtained plasma samples were stored at —80 °C until further
processing.

The EBV Standard Preparation

The EBV standard panel used in this study was kindly donated
by Prof. Allen Chan at The Chinese University of Hong Kong.
Briefly, plasmid DNA bearing EBV genome is extracted from
the diploid Namalwa cell line that contains 2 integrated EBV
genomes per cell. A conversion factor of 6.6 pg of DNA per
diploid cell was used to correlate the equivalent amounts of
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genomic and viral single-copy genes as previously
described.''%3°

The EBV DNA Extraction From Plasma

Plasma DNA was extracted using QIAamp Circulating Nucleic
Acid Kit (Qiagen). Prior to DNA extraction, the plasma sam-
ples were thawed and centrifuged at 20 000g for 5 minutes.
About 1 mL of each plasma sample per column (supplied in the
QIAamp kit) was used for DNA extraction; 50 pL of distilled
water was used to elute the DNA from the extraction column.

Real-Time Quantitative PCR for EBY DNA

Primer and probe design. Primers for BamHI-W target were
designed and validated by Oligo Primer Analysis Software
(Molecular Biology Insights). The sequences of the forward and
reverse primers were 5'-CCAGACGAGTCCGTAGAAGG-3’
and 5'-AGCCTAATCCCACCCAGACT-3/, respectively, as pre-
viously described.’! BLAST sequence analysis was employed to
ensure no cross-reactivity occurred with other viruses or genomic
DNA. A dual fluorescence-labeled oligomer, 5'-(FAM) AGAG-
GAGGTGGTAAGCGGTT (BHQI)-3/, synthesized by Inte-
grated DNA Technologies was used as probe.

The procedure of qPCR assay. The EBV DNA in plasma was
analyzed by a real-time PCR instrument system (Rotor-Gene
Q), and the levels of cf EBV DNA were expressed as the number
of EBV genome copies per milliliter of plasma; 8.6 pL of
extracted DNA template was used in each 20 pL-qPCR reaction.
Each analysis consisting of patients’ cf DNA, standard calibra-
tors, multiple no-template controls as negative controls was done
in duplicate. A standard curve, running in parallel and in dupli-
cate with each analysis, was established by plotting threshold
cycle (Ct) values against relative standard EBV DNA copy num-
bers. Data were collected and analyzed using Rotor-Gene Q
software. Amplification signal observed in any replicate was
treated as a positive result regardless of the signal level. For
participants with unexpected positive test results (those who are
among healthy controls), another blood sample was obtained
approximately 4 weeks later for reanalysis. All DNA samples
were also subjected to real-time quantitative PCR for the human
B-actin gene which served as an internal control to ensure the
quality of PCR amplification and to normalize real-time PCR
signal. Reproducibility tests consisting of quadruplicate of stan-
dard dilutions (10'-10° copies/5 pL) were performed prior to
testing.

Optimization of PCR conditions. Variables affecting real-time
quantitative PCR assay performance including primer con-
centration, Tagman probe concentration, and dimethyl sulf-
oxide (DMSO) concentration were optimized. Each change in
variables’ concentration was tested in triplicate, and a nega-
tive control was included in each reaction to ensure no con-
tamination is present in any of the PCR reagents. Agarose
electrophoresis was used as a reference method to validate
the specific amplified PCR product.

Primer concentrations. SYBR Green dye-based assays were
employed to optimize the primer concentration. In these
assays, Tagman probe was not used while all other reaction
conditions were kept unchanged. Five different concentra-
tions of BamHI-W primer pair ranging from 0.1 to 0.5 uM
were investigated.

Tagman probe concentration. For the optimization of Tagman
probe conditions, 3 different probe concentrations (0.05, 0.1,
and 0.2 uM) were tested.

DMSO concentration. DMSO is known to increase PCR amplifi-
cation yield and specificity of GC-rich DNA. To examine whether
such additive might improve our PCR assay amplification, dif-
ferent concentrations of DMSO (0%, 2.5%, 5%, and 7.5%) were
tested. The reaction with 0% DMSO was used as control.

Statistical Analysis

A plasma specimen is considered negative for EBV if PCR
signal for internal control (B-actin gene) is valid (properly
amplified) and the signal for EBV DNA is not detected. For
the purposes of data analysis, samples with undetectable EBV
DNA were considered to have a viral load of 0. The association
between NPC clinical stages and plasma EBV-DNA levels was
assessed by the Pearson y” test. All statistical tests were 2-
sided, and a P value of less than .05 was considered to indicate
statistical significance. Analyses were performed with the use
of SPSS software (version 21.0; IBM Corporation).

Results and Discussion

Demographic and Clinical Characteristics of Participants

The demographic and clinical characteristics of 152 individ-
uals diagnosed with NPC are listed in Table 1. The median
age of the patient cohort at diagnosis was 50 years (range,
18-77 years); 7 (4.6%) patients were aged <30, 31 (20.39%)
were aged 30 to 39, 35 (23.02%) were aged 40 to 49, 38
(25%) were aged 50 to 59, and 41 (26.99%) were aged >60.
Male patients of NPC outnumbered female patients by 98
(64.5%) to 54 (35.5%). Of 152 patients with NPC, 46 had
stage | and II and 106 had stage III and IV NPC. Meaning
69.74% of patients with NPC in this study were lately diag-
nosed (stage III and IV), while only 30.26% of them were
early diagnosed (stage I and II). In general, the numbers
showed that patients with NPC are mostly at the age of
60 and older (26.99%) and that males are more likely to
be diagnosed with NPC than females.

Consensus in Choosing cf EBY DNA as an NPC
Biomarker

In gPCR-based diagnosis method for NPC detection, the target
gene for amplification is the BamHI-W region, which is a
major internal repeat sequence (primarily <181 bp) in EBV
genome.****> Among the naturally occurring EBV isolates, the
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number of BamHI-W repeats varies from 5 to 11 with a mean
number of 6 repeats.>* However, the use of BamHI-W in gPCR
assay for NPC diagnosis may be subjected to debate due to
variations caused by different repeat numbers of this sequence
in quantification standard and tested samples.** Recent
research studies continue to provide evidence for the effective-
ness of this target gene.>>* Furthermore, good quantitative
correlations between qPCR results for BamHI-W and single
repeat EBV target genes (such as EBNA1, LMP2, or
POL1)*>37394% additionally consolidate the validity of this
NPC biomarker. As a result, the BamHI-W has been utilized
as the target gene for the design of our qPCR assay.

Table |I. Demographic Characteristics of 152 Patients.

Characteristics Value
Ethnicity, n (%)

Northern Vietnam 125 (82)

Central Vietnam 27 (18)
Gender, n (%)

Male 98 (65)

Female 54 (35)
Age, years

Median 50

Range 18-77
Age distribution, years (%)

<30 7 (5)

30-39 31 (20)

40-49 35 (23)

50-59 38 (25)

>60 41 (27)
T stage, n (%)

| 48 (32)

2 40 (26)

3 27 (18)

4 37 (24)
N stage, n (%)

0 25 (16)

| 54 (36)

2 42 (28)

3 25 (16)

Undefined 6 (4)
Overall stage, n (%)

land Il 46 (30)

Ill and IV 106 (70)

Optimization of PCR Assay

Details of optimal component concentrations and the final pro-
tocol for the developed qPCR assay are presented in Supple-
mentary Tables 1 and 2. Briefly, 0.2 uM of primer, 0.05 uM of
Tagman probe, and 2.5% of DMSO were used in our assay.
At primer concentration of 0.1 uM, no amplification signal
associated with target amplicon was observed, while reactions
with primer concentrations ranging from 0.2 to 0.5 pM yielded
equivalent Ct values ranging from 30.89 to 31.90 (Figure 1). As
a result, a final concentration of 0.2 pM was chosen as the
optimal primer concentration. In reactions with different Taq-
man probe concentrations (0.05, 0.1, and 0.2 pM), the earliest
amplification signal was observed in a reaction with probe
concentration of 0.05 pM. Consequently, 0.05 M was deter-
mined as the optimal concentration for Tagman probe in our
qPCR assay (Figure 2). Figure 3 showed that on the same tested
sample, reaction with 2.5% of DMSO showed the earliest
amplification signal. Hence, 2.5% of DMSO is optimal for our
gPCR assay. The qPCR reactions were performed with the
following conditions: 15 minutes of hot start at 95 °C, followed
by 45 cycles of 94 °C (15 seconds) and 63 °C (30 seconds).

Precision of the Assay

Namalwa DNA standards were serially diluted to make 5 con-
centrations ranging from 10" to 10° copies/5 pL (10-10” cop-
ies/mL), and quintuplicate measurements at each concentration
level were subjected to qPCR assay on 4 separate days (25 total
replicates per assay/day). Coefficient of variation and SD for
cycle threshold (Ct) values obtained from 5 titers of EBV DNA
were calculated (Table 2). Cycle threshold in qPCR is defined
as the number of cycles required for the fluorescent signal to
cross the threshold (background level).

Standard Curve Establishment and Limit of Detection

To determine the dynamic range of real-time quantitative PCR,
EBV DNA standards were serially diluted to 150 000; 60 000;
6000; 1200; 600; 300; 150; 50; 25 copies/mL and tested. Tri-
plicate at each dilution was tested on 6 separate analyses (18
total replicates per dilution). A standard curve was constructed
by plotting the logarithm of the EBV DNA copy number
against the measured Ct values (R* = 0.9961). A linear range

Table 2. Assay Precision Evaluated by Ct Values Obtained From Real-Time Quantitative PCR Analysis of Standard EBV DNA.

Within-run precision

Between-run precision Total precision

Average observed EBV DNA titer

Level (log,o copies/mL) D CV (%) D CV (%) SD CV (%)
| 6.079 0.08| 0% 0277 1% 0231 1%
2 5.079 0.081 0% 0.192 1% 0.166 1%
3 4380 0.195 1% 0.287 1% 0.263 1%
4 4.079 0.170 1% 0.658 2% 0.594 2%
5 3.778 0918 3% 0.488 1% 0.766 2%

Abbreviation: CV, coefficient of variation; EBV, Epstein Barr virus; PCR, polymerase chain reaction.
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Figure I. Optimization of the primer concentrations for quantitative
polymerase chain reaction (QPCR) assay. 0.1Q, 0.2Q, 0.3Q, 0.4Q, and
0.5Q indicated primer concentrations of 0.1, 0.2, 0.3, 0.4, and 0.5 uM,
respectively, in qPCR reactions with the same amount of DNA tem-
plate. am Q was the negative control with primer concentration of 0.2
UM. As a result, the optimal primer concentration for the qPCR assay
was determined to be 0.2 uM.
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Figure 3. Optimization of the dimethyl sulfoxide (DMSO) concen-
tration. Different concentrations of DMSO: 0% (SS_Q), 2.5%
(2.5%_Q), 5% (5%_Q), 7.5% (7.5%_Q), and 10% (10%_Q) were tested
against intact conditions of primer, probe, and DNA template con-
centrations. The sample with 2.5% of DMSO (2.5%_Q) gave the ear-
liest amplification signal among those samples and therefore was
chosen to be the optimal DMSO concentration for our polymerase
chain reaction (PCR) assay.
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Figure 2. Optimization of the Tagman probe concentration. Three
different titers of Tagman probe at —0.2, 0.1, and 0.05 M were used
with the same amount of template DNA. (35 0.2_1-) was the negative
control with a primer concentration of 0.2 uM and probe concen-
tration of 0.2 uM.

for quantitative PCR detection of cf EBV DNA (range, 50-150,
000 copies/mL) was obtained with a detection limit of 25 cop-
ies/mL (Figure 4). All standard DNA dilutions were detected in
18 out of 18 replicates except for the lowest one (25 copies/mL)
that was detected in 17 (95%) of 18 replicates. No amplifica-
tion signal was observed for negative control, indicating high
specificity of our assay.

Figure 4. Linearity of the optimized quantitative polymerase chain
reaction (qPCR) assay for plasma cell-free Epstein Barr virus DNA (cf
EBV DNA) quantification based on international EBV standard panel.
The log of known concentrations of standard (150 000, 60 000, 6000,
1200, 600, 300, 150, 50, 25 copies/mL) on the x-axis is plotted against
the corresponding Ct values on the y-axis. A linear range for quanti-
tative PCR detection of cf EBY DNA (50-150 000 copies/mL) was
obtained with a detection limit of 25 copies/mL.

Results on Clinical Samples

Among 152 patients with NPC who were confirmed for NPC
by endoscopic biopsy, 148 out of 152 patients (sensitivity of
97.4%) were detected by our real-time quantitative PCR assay.
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Meanwhile, 2 out of 109 healthy volunteers show positive
results (specificity of 98.2%). These 2 patients had <40 cop-
ies/mL of EBV DNA in plasma, and the plasma samples, which
were recollected after 2 weeks from these patients, were neg-
ative with EBV DNA.

Plasma samples that bear >300 copies/mL of EBV DNA
accounted for the highest number of positives at 74.34%, followed
by 23.03% for <300 copies/mL EBV DNA samples and 2.63% for
0 copies/mL (undetectable EBV DNA). The mean value of EBV-
DNA load calculated from all NPC patient specimens was 12 327
copies/mL (range, 0-383,000 copies/mL; Table 3).

Relationship Between Pretreatment EBV DNA Levels and
Overall Clinical Stages

Statistical regressions from NPC studies revealed that the pre-
treatment circulating cf EBV DNA levels accurately reflect
clinical stages of patients with NPC.'**'*! Meanwhile, the
posttreatment EBV DNA levels are statistically associated with
the possibility of recurrence,23’42 the chance of survivatl,zs’43
and the presence of residual disease in patients with NPC.**+°
Taken together, cf EBY DNA may comprehensively indicate a
patient’s tumor burden and hence could be confidently used as
a biomarker in the diagnosis and treatment of NPC.*®

Among 46 patients with confirmed stage I and II NPC, 44
(96%) had detectable EBV DNA in plasma with a mean copy

Table 3. Distribution of NPC Patients (N = 152) by Mean of EBV
DNA Load.

EBV-DNA-
negative patients,

EBV-DNA-

EBV-DNA titer positive patients,

(copies/mL) n=4(2.63%) n = 148 (97.3%)

>0 <300 na 35 (23.03%)
>300 n.a 113 (74.34%)

Min 0 13

Max 0 383,000

Mean 0 12,327

SEM 0 3087

Abbreviations: EBV, Epstein Barr virus; n.a, not applicable; NPC, nasopharyn-
geal carcinoma; SEM, standard error of the mean.

*Three levels of EBV DNA (0, <300, and >300 copies/mL) were used to
categorize diagnosed participants.

number of 6920 copies/mL (range, 13-73 000). Of those 44
patient specimens, 13 had <300 copies/mL and 31 had >300
copies/mL of EBV DNA. The sensitivity of 96% in detecting
patients with stage I and II NPC suggested the potential use of
this noninvasive assay for early detection of NPC among Viet-
namese population.

In 106 patients with confirmed stage III and IV NPC, EBV
DNA was detected in 104 patients (98.11%) with a mean viral
load of 15 116 copies/mL (range, 16.5-383 000). It is noted that
a significantly higher proportion of these patients had >300
copies/mL of EBV DNA in their plasma than those who had
<300 copies/mL of EBV DNA (77.4% vs 20.8%).

A correlation between the mean level of pretreatment EBV
DNA and patient clinical overall stage (P = .016 and < .05)
suggested that the quantification of circulating EBV DNA reli-
ably reflects the tumor burden in patients with NPC (Table 4).
This result, in consistence with previously published stud-
ies,? 139424749 304ain validated the effectiveness of circulating
EBV DNA as a biomarker for NPC in early diagnosis and
disease assessment.

Conclusion

In summary, we reported a validated highly sensitive qPCR
assay for the detection of cf EBV DNA in peripheral blood of
patients. The assay, with a detection limit of 25 copies/mL,
provides a remarkably high sensitivity of 97.4% and high spe-
cificity of 98.2% in the detection of NPC. In addition to out-
standing diagnostic performance, the advantages of convenience
and noninvasiveness support this liquid biopsy assay, in combi-
nation with traditional methods, to be a new approach for future
NPC screening. While further investigations with large sample
size are highly warranted, it could be expected that a further
endoscopy focusing on the high-risk population (cf EBV DNA
positive) could improve the confirmation ability of NPC diag-
nosis, thus possibly eliminating the needs for repeated screening,
minimizing invasive procedures, and eventually resulting in
improved management of NPC and patient survival rates.

Authors’ Note

Vu Nguyen Quynh Anh, Nguyen Van Ba, and Do Tram Anh are co-
first authors. This study was conducted under approval of Human
Research Ethics Committee at Vietnam Military Medical University

Table 4. Distributions of NPC Patients by Overall Clinical Stages and Relationships with their EBVY DNA Levels.

EBV DNA (copies/mL)

No. of patients (N Undetectable EBV <300 copies/mL, >300 copies/mL,
Variable = 152) DNA, n (%) n (%) n (%) Mean + SE (range) P value®
Stage | and Il 46 2 (4.3%) 13 (28.3%) 31 (67.4%) 6920 + 2314 (0-73 000 .0lé6
copies/mL)
Stage Ill and IV 106 2 (1.9%) 22 (20.8%) 82 (77.4%) 15116 + 4299 (0-383 000
copies/mL)

Abbreviations: EBV, Epstein Barr virus; NPC, nasopharyngeal carcinoma; SE, standard error.

2Comparison was performed using Pearson x? test.
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(Approval No. 2446/QD-HVQY 01 August 2017). All patients pro-
vided written informed consent prior to enrollment in the study.
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